Introduction: The aim of this study was to investigate real-world treatment patterns for use of golimumab and concomitant medications in Japanese patients with rheumatoid arthritis. Methods: This study was a post hoc retrospective analysis from post-marketing surveillance data on 2350 Japanese patients with moderate/severe rheumatoid arthritis who received golimumab for 24 weeks. The study population was divided based on initiation treatment or dose adjustment patterns with golimumab, methotrexate, or oral glucocorticoids. Results: Logistic regression analysis revealed that the baseline factors associated with administration of golimumab (100 mg) were
INTRODUCTION
Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disease that causes progressive joint destruction and various morbidities, as well as increasing mortality. In Japan, the prevalence of RA is estimated to be 0.6-1.0% [1] . Biological disease-modifying antirheumatic drugs (bDMARDs) can be used to achieve low disease activity or even remission of moderate-to-severe RA [2, 3] . Golimumab (GLM) is a bDMARD that targets a unique epitope on the tumor necrosis factor-a (TNF-a) molecule. It binds to both the soluble and membrane-bound forms of TNF-a with a high affinity, creating stable complexes that prevent the binding of TNF-a to its receptors [4, 5] . Based on this mechanism of action, GLM is indicated for the treatment of patients with active RA [6] , psoriatic arthritis [7] , ankylosing spondylitis [8] , and active nonradiographic axial spondyloarthritis [9] , two clinical trials of GLM, GO-FORTH [10] and GO-MONO [11] , have been conducted in Japanese patients with active RA. Based on the results, two GLM dose levels have been approved by the Pharmaceuticals and Medical Devices Agency (PMDA), which are 50 mg of GLM combined with methotrexate (50 mg GLM ? MTX) or 100 mg of GLM either combined with methotrexate (100 mg GLM ? MTX) or as monotherapy (100 mg GLM-mono). After GLM was marketed, a large post-marketing surveillance (PMS; UMIN000015895) was conducted to evaluate its safety and effectiveness for Japanese RA patients in real-world practice [12] . GLM showed a comparable safety and efficacy profile in the real-world setting to phase II/III clinical trials, but medications such as methotrexate and/or oral glucocorticoids were often used concomitantly with GLM in routine practice.
According to the recent treatment strategy for RA proposed by the European League Against Rheumatism (EULAR) [13] , it is recommended that glucocorticoids (GC) should be gradually reduced and ultimately stopped, usually within 3 months from the start of treatment and only occasionally by 6 months because of many potential risks. On the other hand, while combined therapy with bDMARDs and methotrexate (MTX) achieves better results than monotherapy with biological agents [14] [15] [16] [17] , MTX has numerous adverse effects such as stomatitis, alopecia, skin rashes, leukopenia, thrombocytopenia, anemia, liver disorder, and gastrointestinal pulmonary, and central nervous system symptoms [18] . Accordingly, many RA patients and their physicians wish to taper or discontinue MTX therapy. However, the current treatment patterns for use of GLM and concomitant medications in Japanese RA patients are unclear, and there is no established evidence, so concomitant therapy is decided empirically by physicians depending on patient characteristics.
Against this background, we investigated how physicians selected regimens and modified the dosages of concomitant drugs when using GLM to treat moderate-to-severe RA in realworld practice in Japan. To do this, we performed a post hoc subgroup analysis of PMS data that assessed current practice and factors associated with treatment patterns in patients with active RA receiving GLM for 24 weeks with or without concomitant medications.
METHODS

Data Source
The present study was a post hoc retrospective analysis of PMS data (UMIN000015895) collected from Japanese patients with RA who received GLM therapy between September 2011 and May 2013. The PMS was an open-label, non-interventional, observational study conducted at selected medical facilities across Japan, in which patients were followed for 24 weeks. The study protocol and ethical considerations were assessed by the institutional review board of each study center and this study was also endorsed by the Japanese PMDA. This PMS was conducted under the Japanese regulations (Ministry of Health, Labor and Welfare Ministerial Ordinance no. 171) for Good PostMarketing Study Practice (GPSP), and was initiated after a contract with each study center. This article is based on previously conducted post-marketing surveillance study and does not contain any new interventional studies with human participants or animal subjects performed by any of the authors.
Patients Enrolled in this Analysis
This analysis included 2350 patients from the PMS efficacy dataset who underwent evaluation of RA disease activity using the 28-joint disease activity score [19] combined with C-reactive protein (DAS28CRP) at both baseline and final evaluations, who had moderate disease activity (MDA; DAS28CRP[3.2 and B 5.1) or high disease activity (HDA; DAS28CRP[5.1) at baseline, and who had no more than one dose change of GLM during the study period (Fig. 1) .
Factors Investigated
The following information at baseline was retrieved from the PMS database: sex, age, body weight, smoking history, duration of RA, disease activity, Steinbrocker's radiographic stage and functional class [20] , previous treatment (GC, MTX, and other csDMARDs), comorbidities (renal impairment, hepatic dysfunction, and respiratory disease), allergy history, DAS28CRP, CRP, patient's overall assessment on a visual analog scale (patient VAS), simple disease activity index (SDAI), and clinical disease activity index (CDAI). Respiratory disease includes asthma, atelectasis, cough, eosinophilic pneumonia, interstitial lung disease, pleurisy, pneumonia aspiration, productive cough, rhinorrhoea, upper respiratory tract inflammation, and oropharyngeal pain.
Statistical Analysis
Statistical analysis was performed using R software (version 3.2.5) [21] 
Evaluation of Treatment Initiation for Use of GLM and Concomitant Medications
The patterns for initiation of treatment with GLM and concomitant medications were analyzed by dividing the patients into subgroups (A: 50 mg GLM vs. 100 mg GLM, B: concomitant use of MTX vs. no MTX, and C: concomitant use of GC vs. no GC) and the demographic profile of each subgroup was evaluated. Then the patient characteristics were analyzed to identify baseline factors associated with each treatment pattern.
Evaluation of Dose Adjustment and its Outcome
The patterns of dose adjustment for GLM and concomitant drugs during the study period were also investigated by dividing the patients into subgroups based on changes in the use of GLM, MTX, or GC (A continuing 50 mg of GLM vs. dose escalation of GLM; B continuing 100 mg of GLM vs. dose reduction of GLM; C continuing the same dose of MTX vs. dose escalation or dose reduction of MTX; and D continuing the same dose of GC vs. dose escalation or dose reduction of GC). In addition, patient characteristics were analyzed to identify baseline factors associated with each dose adjustment pattern. The clinical response to dose adjustment was also evaluated by using changes of the DAS28CRP score (DDAS28CRP) and was compared among the subgroups.
Association of Baseline Factors with Each Treatment Pattern
Factors showing an association with the patterns of treatment initiation or dose adjustment were investigated by performing univariate and multivariate logistic regression analyses that included patient characteristic variables. Univariate logistic regression analysis was performed with patient demographic factors that showed p\0.10 in other analyses, and multivariate analysis was subsequently conducted by using variables that showed p\0.20 in the univariate analysis. Table 1 shows the demographic data for each subgroup of patients depending on the pattern for initiation of treatment with GLM, MTX, or GC. The initial dose of GLM was 50 mg in 1981 patients (84.3%) and 100 mg in 369 patients (15.7%). There were baseline differences between these GLM dose subgroups (50 vs. 100 mg) with respect to age, body weight, disease activity, previous treatment [prior biological therapy (bio-experience), failure of prior biological therapy (bio-failure), MTX, and other csDMARDs], comorbidities (renal impairment, and respiratory disease), allergy history, DAS28CRP, CRP, SDAI, and CDAI. With regard to concomitant MTX treatment, 1852 patients (78.8%) received MTX and 498 patients (21.2%) did not. These subgroups (with MTX vs. without MTX) showed baseline differences of age, disease duration, disease activity, Steinbrocker's stage/class, previous treatment (bio-experience, bio-failure, GC, MTX, and other csDMARDs), comorbidities (renal impairment and respiratory disease), allergy history, DAS28CRP, CRP, SDAI, and CDAI. A total of 1219 patients (51.9%) received concomitant GC treatment and 1131 patients (48.1%) did not receive GC treatment. Baseline differences between the two GC subgroups (with GC vs. without GC) were noted with respect to Steinbrocker's stage/class, previous treatment (bio-experience, bio-failure, GC, MTX, and other csDMARDs), comorbidities (renal impairment, hepatic dysfunction, and respiratory disease), DAS28CRP, CRP, and SDAI. (Fig. 2c) .
RESULTS
Initiation of GLM and Concomitant Medications
Dose Adjustment Patterns and Outcome
Dose adjustment patterns were evaluated for GLM, MTX, and GC during the study period. The dose of GLM was increased from 50 to 100 mg in 327 patients, while it was reduced from 100 to 50 mg in 21 patients (Table 2 ). Dose escalation of MTX was performed in 211 patients, while 178 patients received dose reduction. The average dose of MTX at initiation of treatment (the average for 4 weeks after starting GLM) was 8.13 ± 3.09 mg/week and it was slightly higher at 8.18 ± 3.17 mg/week by the end of the study period (the average for the last 4 weeks of the study), but the difference was not significant (p = 0.064). Dose escalation of GC was performed in 77 patients and dose reduction was done in 373 patients. The average GC dose was 4.81 ± 2.75 mg/day at initiation of treatment and it was significantly decreased to 4.49 ± 2.62 mg/day at the end of the study period (p\0.001).
Next, the patient background factors associated with the dose adjustment patterns for GLM, MTX, and GC were assessed by univariate and multivariate regression analyses to identify significant differences among the subgroups of patients. Various factors were associated with dose escalation of GLM from 50 to 100 mg, which were bio-failure (2. (Fig. 3a) . On the other hand, no factors were associated with dose reduction of GLM from 100 to 50 mg. Patient background factors associated with dose escalation of MTX were disease duration (0.971, 0.947-0.997), previous GC use (1.451, 1.008-2.087), and previous MTX use (0.121, 0.063-0.232) (Fig. 3b) , while the factors associated with dose reduction of MTX were bio-experienced (0.517, 0.343-0.779) and renal impairment (3.312, 1.461-7.508). Although only previous GC use was associated with dose escalation of GC (0.031, 0.011-0.094) (Fig. 3c) 
Clinical Response and Dose Adjustment Pattern
The clinical response was compared among subgroups of patients based on the dose adjustment patterns for GLM, MTX, and GC during the study period. With regard to dose adjustment of GLM, DDAS28CRPs showed a significant difference between continuing 50 mg of GLM vs. continuing 100 mg of GLM, between continuing 50 mg of GLM vs. dose escalation of GLM, and between continuing 100 mg of GLM vs. dose escalation of GLM (Fig. 4a) . In relation to MTX, DDAS28CRPs showed a significant difference between dose escalation of MTX vs. dose reduction of MTX (Fig. 4b) . Regarding GC treatment, DDAS28CRPs showed a significant difference between continuing the same dose of GC vs. dose reduction of GC and between dose escalation of GC vs. dose reduction of GC (Fig. 4c) . 
DISCUSSION
This study investigated the real-world treatment patterns for GLM and concomitant medications in Japanese RA patients. In addition, the factors associated with each treatment pattern were determined. Initiation of treatment with 100 mg of GLM was associated with no previous use of MTX and with the presence of respiratory disease, which were also factors that influenced the selection of concomitant MTX therapy. Because GLM monotherapy is only approved at a dose of 100 mg in Japan, it could be expected that MTX-naïve patients would be selected to receive this GLM dose as monotherapy. In fact, almost half of the MTX-naïve patients received 100 mg of GLM as monotherapy (43.4%, 229/528). Body weight and bio-failure were also associated with selecting 100 mg of GLM. Body weight is known to affect the pharmacokinetics of monoclonal antibodies after subcutaneous injection, and weight has been reported to influence the apparent clearance and volume of distribution of GLM [22, 23] . Also, it was previously reported that GLM 100 mg ? MTX prevents joint damage more effectively in Japanese patients with active radiographic progression than GLM 50 mg ? MTX [10] . Therefore, physicians may have been more likely to select 100 mg of GLM for patients with a higher body weight and bio-failure. Dose escalation of GLM was performed in 327 patients, and was associated with the baseline factors of bio-failure, previous non-use of MTX, previous use of other csDMARDs, respiratory disease, allergy history, and higher CRP. The dose escalation rate was higher in the subgroup starting treatment with 50 mg of GLM as monotherapy (30.7%, 79/257) than in the subgroup receiving 50 mg of GLM ? MTX (14.4%, 248/1724). This finding suggested that dose escalation was performed to improve the control of RA symptoms in patients with higher CRP, previous bio-failure and/or patients receiving a low dose of GLM as monotherapy. In fact, the clinical response was worse in the patients receiving dose escalation of GLM to 100 mg than in the subgroup remaining on 50 mg. Because GLM monotherapy at a dose of 50 mg is not approved in Japan, dose escalation might also have been performed to reduce medical costs (Japanese national health insurance only subsidizes approved indications). On the other hand, the rate of dose reduction of GLM was lower (5.7%, 21/369) than dose escalation of GLM (16.5%, 327/1981). It might be the result that the use of 100 mg GLM did not cause any problem like safety and/or medical cost.
Previous use of MTX was associated with continuation of MTX at initiation of GLM treatment, and almost all of the patients who were already using MTX were placed on MTX ? GLM (98.9%, 1801/1822). It was also found that the average dose of MTX at initial treatment was low compared to other countries [24] , because the dose upper limitation of MTX was 8 mg/week by 2011 in Japan [25] and it was recommended to start 8 mg/week by a guideline of MTX use for the RA patients [26] . These results suggested that Japanese physicians employed GLM as add-on therapy for MTX at low dose according to the EULAR recommendation and Japan guidelines [13, 26] .
Absence of renal impairment and absence of respiratory disease were also associated with concomitant use of MTX ? GLM. This was probably because MTX is known to cause nephrotoxicity [27] and lung disease [28] . In addition, bio-experience at baseline and renal impairment were associated with MTX dose reduction, while shorter disease duration, previous GC use, and no previous MTX use were associated with MTX dose escalation. DDAS28CRP was higher in the subgroup with MTX dose reduction than in the patients with MTX dose escalation, suggesting that physicians might have reduced the dose of MTX when RA symptoms improved, especially in bio-naïve patients. On the other hand, the dose of MTX might be escalated if symptoms persisted, especially in the patients with shorter disease durations, previous GC, and/or no previous MTX use. This result also suggested that GC treatment might be selected as a first choice for early RA and sequentially MTX treatment might be added on. It followed EULAR recommendation for early RA treatment, in which short-term low dose of GCs and MTX with dose optimization were recommended [29] . Moreover, renal impairment was associated with MTX dose reduction. Among patients with renal impairment, the subgroup with MTX dose reduction had a higher frequency of overall adverse events (66.7%, 8/12) than the subgroup with continue same dose of MTX (0.0%, 0/30), suggesting that adverse events also led to reducing the dosage of MTX. In any event, these results indicate that many physicians adjusted the MTX dosage to control RA symptoms and/ or to prevent adverse events. However, the average dose of MTX was not decreased during the study period of 24 weeks. This might have been because MTX is recognized as a 'first-line treatment' and 'anchor drug' for RA worldwide and there is abundant evidence about its efficacy available [30] . However, adverse effects were reported in 27% of RA patients receiving low-dose MTX (10 mg/week for at least 3 months), especially hepatic and hematological toxicities [31] , and several studies have suggested that tapering or discontinuing MTX does not reduce the efficacy of combination therapy for RA [32, 33] . Because patients and physicians often wish to discontinue MTX due to various adverse events, further investigation will be required to clarify the optimum GLM ?MTX regimen for RA.
GC are also often used in combination therapy with bDMARDs. In this study, only previous GC use was associated with selection of concomitant GC therapy at the initiation of GLM treatment. As with MTX, almost all previous GC users continued the concomitant administration of GC with GLM (96.6%, 1203/1245). Interestingly, the average GC dose was significantly reduced during the study period, suggesting that GC can be tapered in patients receiving GLM. The factors associated with GC dose reduction were a Steinbrocker's stage I, absence of bio-failure, and no previous csDMARDs (except MTX) use. The clinical response of the patients with GC dose reduction was better than that of the other subgroups, suggesting that physicians might have tapered or discontinued GC therapy in patients with stable RA, especially in the patients with Steinbrocker's stage I, no bio-failure, and/or no previous csDMARDs use at baseline. However, the majority of patients did not discontinue GC b Fig. 3 Forest plots illustrating patient background factors associated with changing the dosage of golimumab (a), methotrexate (b), and glucocorticoids (c). Univariate logistic regression analysis was performed using demographic factors that showed p\0.10 in other analyses, after which multivariate analysis was conducted by using variables showing p\0.20 in the univariate analysis. To identify the factors associated with changes of MTX and GC therapy (continuing the same dose vs. dose escalation or dose reduction), a multinomial logistic model [35] was used. Error bars indicate the 95% CI (64.6%, 788/1219) during the study period of 24 weeks. It was reported that some patients who start GC therapy are unable to discontinue it over the long term, despite addition of a csDMARD early in the course to decrease the risk of flare-up and obtain a disease-modifying effect [34] . Further evidence is needed with regard to symptomatic improvement without flare-ups or adverse events when bDMARD therapy is added to reduce the GC dose.
The present study documented current treatment patterns for administrations of GLM in Japan, but several important limitations should be noted. First, although this study was based on PMS data obtained over 24 weeks in the real-world clinical setting, some patients were excluded according to the criteria in the Methods section or for other reasons (e.g., patients who stopped GLM treatment due to safety problems). Second, treatment selection should be affected by local labeling. For example, monotherapy with 50 mg of GLM is off-label in Japan, which may have led to selection of the 100-mg dose or concomitant use of MTX to reduce costs rather than on the basis of the clinical response. Therefore, the generalizability of our result on the treatment selection should have a limitation and further evidence, especially from other or multi countries will be essential for revealing the effect of dose difference. Finally, most analyses were performed within subgroups based on the original PMS data, so interpretation and generalization of associations among the factors assessed and the treatment patterns should be performed with caution. No causal relationship with outcomes or prediction of the effects of a particular treatment pattern can be derived from our research, so further studies are needed to clarify such relationships.
CONCLUSIONS
In conclusion, this study revealed that various baseline patient factors were associated with initiation of GLM treatment and dose adjustment in RA patients receiving GLM with/without concomitant medications. It is thought that these factors may reflect both the treatment strategies of physicians for improving RA symptoms and/or reducing adverse events, as well as the wishes of patients. Add-on therapy with GLM had the potential to achieve GC and MTX dose reduction with improvement of RA symptoms. However, completely discontinuing concomitant medications, especially MTX, seems to be difficult, suggesting that further evidence is required to determine the safest and most effective strategy for managing RA with GLM.
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